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Abstract. 

Spectra of the z em — 4.12 quasar Q0000 — 2619 have been 
obtained in the range AA = 4880 — 8115 A with a resolution 
of 13 km s~ and signal-to-noise ratio of s/n = 15 — 60 per 
resolution element. The list of the identified absorption lines is 
given together with their fitted column densities and Doppler 
widths. The mode of the distribution of the Doppler param- 
eters for the Lya lines is ~ 25 km s~ 4 . The fraction of lines 
with 10 < b < 20 km s -1 is 17%. The Doppler values de- 
rived from uncontaminated Ly/3 lines are smaller than those 
obtained from the corresponding Lya lines, indicating the con- 
tribution of non saturated, non resolved components in the 
Lya profiles. 

The integrated UV background estimated from the prox- 
imity effect is found to be J ~ 7 x 10~ 22 erg s _1 cm -2 Hz -1 
sr~ 4 . This value is consistent with previous estimates obtained 
at a lower z, implying no appreciable redshift evolution of the 
UVB up to z = 4. 

13 metal systems are identified, five of which previously un- 
known. The analysis of the associated metal systems suggests 
abundances generally below the solar value with an average 
[C/H] ~ —0.5. This value is about one order of magnitude 
higher than that found in intervening systems at about the 
same redshift. 

The analysis of the intervening metal line systems has re- 
vealed in particular the presence of three optically thin systems 
with log Nhi ~ 15 showing associated CIV and SilV absorp- 
tions. In order to make the observed column densities consis- 
tent with [Si/C] ratios lower than 10 times the solar value, it is 
necessary to assume a large jump in the spectrum of the ioniz- 
ing UV background beyond the Hell edge (J912/J228 ~ 1000). 
This result, if confirmed in other spectra at the same redshift 
is suggestive of a possible dominance of a stellar ionizing emis- 
sivity over the declining quasar one at z > 3. 
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1. Introduction 

The Lya forest detected in the blue side of the quasar 
Lya emission is generally ascribed to an intergalactic popu- 
lation of hydrogen clouds. Lya clouds are present at all the 
observed redshifts from the largest to the present epoch, (e.g. 
Carswell 1995; Bahcall et al. 1996; Giallongo et al. 1996), cov- 
ering a substantial fraction of the total age of the universe. The 
origin and evolution of the clouds are intimately linked with 
the physical conditions and evolution of the universe (Miralda- 
Escude et al. 1996). While the strongest Lya clouds showing 
associated metals are thought to be associated with interven- 
ing galaxy halos (Bergeron & Boisse 1991; Bergeron et al. 1992; 
Steidel et al. 1994), the environment of the optically thin ones 
is less clear. At least at low redshift some Lya with column 
densities JSJ 10 14 cm -2 have been associated with the external 
parts of galaxy halos (Lanzetta et al. 1995). 

There are however recent observational suggestions indicat- 
ing a continuity scenario between Lya lines with log Nhi ~ 14 
and the stronger metal line systems. Clustering of the 
Lya clouds has been found up to scales of 300 km s" 1 (Cristiani 
et al. 1995,1996; Chernomordik 1995; Hu et al. 1995; 
Fernandez-Soto et al. 1996) with an amplitude increasing with 
Nhi- In particular, Cristiani et al. 1996 found that an extrap- 
olation of this trend to log Nhi ~ 17 is consistent with the 
corresponding estimate derived from the CIV metal systems 
by Petitjean & Bergeron 1994. 

Weak CIV lines have been found to be associated with 
Lya lines with log Nhi = 14.5 ~ 15 (Cowie et al. 1995; Tytler 
et al. 1995) with abundances similar to that of the metal line 
systems. 

Disentangling between different scenarios for the cloud 
structure and their cosmological evolution requires a large 
database of high resolution spectra. The sample available in 
literature is still limited, but new impulse in the field has come 
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Table 1. Log of the observations. 
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from the observations with the HIRES spectrograph at the 
Keck telescope (Cowie et al. 1995; Hu et al. 1995) 

Within an ESO Key Project on intergalactic matter at high 
redshift, we have obtained at the 3.5m NTT high resolution 
spectra of several QSOs at redshift larger than 3 (Giallongo 
et al. 1996). We present and discuss here in detail data on the 
Lya forest and the metal systems of the QSO 0000 — 26 (m_R = 
17.5, z em = 4.12). The spectra cover the range 4880 to 8115 
A at a resolution of 13 km s _1 . A preliminary investigation of 
the spectrum of Q0000 - 26 in the range 4700 to 6600 A at 
a resolution of 30 km s _1 has been reported by Webb et al. 
1988. A first discussion of the metal systems in Q0000 — 26, 
based mainly on the data in the spectral region around the Lya 
emission and to the red of it, has been given by Savaglio et al. 
1994, while a detailed study of the metallicity of the damped 
Lya system at z = 3.39 has been reported by Molaro et al. 
1995. 

In this paper we present in section 2 the observations, the 
data reduction procedure and the list of the Lya lines and iden- 
tified metal lines with the fitting parameters column density, 
Doppler width and redshift. The result of the statistical anal- 
ysis of the Lya forest is presented in section 3. The metal line 
systems are discussed in section 4. 

2. Observations and data extraction 

The echelle observations of Q0000 — 2619 presented here were 
obtained with the EMMI instrument (D'Odorico 1990) at the 
ESO NTT telescope in October 1990 and November 1994. The 
log of the observations is given in Table 1. The second column 
gives the number of individual spectra obtained with each set- 
ting. The seeing during the observations was typically between 
0.8 and 1.2 arcsec. 

The absolute flux calibration was carried out by observing 
of the standard stars Feige 110 (Stone 1977), LTT7987 (Stone 
and Baldwin 1983 and Stone and Baldwin 1984) and HD49798 
(Walsh 1992). 

The echelle data were reduced with the ECHELLE software 
package available in the MIDAS software. The wavelength cal- 
ibration spectra of the Thorium- Argon lamp were extracted 
in the same way and used to establish the wavelength scale. 
Wavelengths have been corrected to vacuum heliocentric val- 
ues. The weighted mean of the spectra has been obtained at 
the resolution of about R — 24000. The variance spectrum was 
obtained by propagation of the photon statistics of the object 
and sky spectra, and from the detector read-out-noise. The 
final signal-to-noise ratio per resolution element is shown in 
Fig. | 



Fig. 1. Signal-to-noise ratio per resolution element as function of 
wavelength in the spectrum of Q0000 — 26. 
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The normalized spectrum is plotted in Fig. g in the wave- 
length interval AA = 4880 — 8115 A. The dedicated software 
FITLYMAN (Fontana & Ballester 1995) in the MIDAS pack- 
age was used to derive the redshift z, the Doppler parameter 
b — and the column density N of the absorption lines. The 
line fitting has been performed by a \ 2 minimization of Voigt 
profiles, after deconvolution with the instrumental profile. 

Despite the high resolution, most of the features appears to 
be strongly blended, contrary to what is found in lower z QSOs, 
where the lines are typically isolated. As in previous similar 
analyses (e.g. Giallongo et al. 1993), complex structures have 
been fitted with the minimum number of components required 
to give a probability of random deviation P > 0.05. 

We performed the fitting of all the line complexes in the 
region with s/n 20, i.e. from z — 3.602, to the quasar 
Lya emission line (AA = 5590 - 6240 A). 

The parameter list for about 300 Lya lines is reported in 
Table while Table |^ lists the metal lines. Only the fitted lines 
appear in the tables. 



3 



Fig. 2. Absorption lines of Q0000 — 26. The normalized spectrum is shown as full line, the fit as thin line and the noise per pixel as dashed 
line. Long ticks correspond to Lya and Ly/3 lines, short ticks correspond to metal lines. For A < 5260 A the Ly/3 lines are indicated with 
the same number as the corresponding Lye? lines. 
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Fig. 2. - Continued 




5460 5480 5500 5520 5540 




5560 5580 5600 5620 5640 




5640 5660 5680 5700 5720 5740 




5840 5860 5880 5900 5920 




5940 5960 5980 6000 6020 

Wavelength (A) 



5 



Fig. 2. - Continued 
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Fig. 2. - Continued 
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Fig. 2. - Continued 
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The position of fitted lines is marked on the top of Fig. ^ 
with the numbering as given in Table ^ and |S| Long ticks show 
Lya lines (Table 0) and with the same numbering the associ- 
ated Ly/3 lines in the wavelength range 4880 — 5260 A. Short 
ticks are metal absorption lines (Table ^) . 

The Lya forest is contaminated by the metal lines of two 
damped Lya systems and other 11 metal systems, 4 of which 
with z a i, s « z em . In Table ^ the Lya lines associated with metal 
systems are indicated as "MLya" and taken off from the sample 
used for Lya analysis and statistics. 

A low resolution (R = 280) spectrum of Q0000 - 26, cov- 
ering the range AA = 4000 - 10000 A, has been obtained in 
the long slit mode of EMMI at the NTT in November 1995 
(see Table 1). The absolute flux calibration was carried out 



observing the standard star Feige 110. 



3. The Lya forest 

Clues on the physical nature of Lya clouds may be obtained 
from the statistical distributions of their parameters (redshift, 
Doppler width and column density) obtained through line pro- 
file fitting. 

The present data, covering a wide redshift range with good 
signal-to-noise, are especially suited to address the issue of the 
Doppler parameter distribution and to study the UV back- 
ground at z ~ 3.5 — 3.8. The redshift evolution and column 
density distribution of the Lya clouds have been already dis- 
cussed using a larger data base in Giallongo et al. (1996). 
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3.1. The Doppler parameter distribution 

While it is generally agreed that "typical" Lya clouds have 
Doppler parameters of the order of b ~ 25 km s _1 , the actual 
fraction of narrow (b < 20 km s _1 ) and broad (6 > 50 km s _1 ) 
lines is more difficult to determine, because of the possible 
systematic effects involved. 

Large b values may be a result of the intrinsic difficulty in 
finding out sub-components in blends, while noise effects and 
the contamination of unrecognized metal lines may increase 
the fraction of narrow lines (Rauch et al. 1993). 

The strong biases in the detection and measure of the nar- 
row lines can be minimized with high quality data on an ex- 
tended redshift range, as in the present spectrum. As shown 
in Fig. ^, low b values are not correlated with the wavelength 
and consequently with the s/n (see also Fig. [j]). 

The Doppler parameter distribution has been obtained by 
selecting all the lines out of 8 Mpc from the QSO, not affected 
by the proximity effect, and is shown in Fig. m 

As usual, the distribution appears skewed towards large b 
values. The mode of the distribution is 25 km s _1 and 17% of 
the lines have 10 < b < 20. 

To estimate the intrinsic dispersion of the distribution we 
calculate iteratively the mean b value excluding lines with 2a 
beyond the mean. In this way we avoid large, possible spu- 
rious b deriving a mean value (6) = 26 km s _1 and at — 8 
km s _1 . The distribution of measurement errors has a median 
value ~ 3 km s -1 so does not affect appreciably the observed 
6 dispersion. After subtraction in quadrature we obtain at = 7 
km s~\ 

Of course any intrinsic b distribution with an artificial cut- 
off at the low end produces a low— 6 tail due to measurement 
errors (Hu et al. 1995). A very large statistics with low mea- 
surement errors is needed to deconvolve the intrinsic distribu- 
tion from the observed one. Without a very large Lya sample, 
the problem of the intrinsic fraction of narrow lines remains 
an open question although photoionization models (Giallongo 
& Petitjean 1994; Ferrara & Giallongo 1996) and recent cos- 
mological models for the Lya clouds (Hernquist et al. 1996; 
Miralda-Escude et al. 1996) are able to produce b values as 
low as b ~ 15 km s _1 . 

3.2. The Ly/3 forest and the b values 

The line parameters derived from Lya fitting have been 
compared with the corresponding Ly/3 lines. In general the 
Ly/3 forest is mixed with the Lya forest at lower z, but in sev- 
eral cases we found isolated absorptions in correspondence of 
the position of the expected Ly/3. For these systems we tried a 
simultaneous fit for the Lya and Ly/3 components of the same 
cloud. Since the Ly/3 line in these cases is less saturated than 
the corresponding Lya, a more accurate estimate of Nhi and 
b is obtained. In Fig. H we show a sub-sample for which the 
Lya+Ly/3 fit gives a significantly different result from the fit 
with only the Lya component. In general the high column den- 
sity Lya lines tend to split in more components: the initial 13 
lines become 22 after decomposition. These 22 lines are marked 
with an asterisk in Table |^. Besides the b mean value goes from 
43 km s _1 to 28 km s _1 in better agreement with the b distri- 
butions derived in Sect 3.1 and by Hu et al. (1995). 

While a firm statistical conclusion cannot be drawn with 
these few cases, they suggest that at least some of the lines 
with large b are due to blends of several components. In this 
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.26±0.09 23. 1± 6.7 

.21±0.04 12. B± 2.0 

.21±0.04 12. B± 2.0 

.B4±0.03 16. 7± 1.7 

.17±0.0S 10. 0± 2.2 

.46±0.04 11. 8± 1.7 

.34±0.0S 16. 7± 0.8 

.62±0.13 1S.7± 1.3 

.68±0.07 8.1± 2.1 

.Bl±0.03 29. 8± 1.6 

.B4±0.03 16. 7± 1.7 
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.62±0.13 1B.7± 1.3 
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1.43268 MgII-2803 

1.43388 MgII-2803 

1.43423 MgII-2803 

.3.16282 A1II-1670 

3.B3B72 CIV-1B48 

3.B3696 CIV-1B48 

3.B3B72 CIV-1BB0 

3.B3696 CIV-1BB0 

4.06074 SiIV-1393 

3.389B4 FeII-1608 

3.39011 FeII-1608 

3.39128 FeII-1608 

4.06074 SiIV-1402 

4.10137 SiIV-1393 

3.B94B2 CIV-1B48 

3.B94B2 CIV-1BB0 

4.13119 SiIV-1393 

4.13212 SiIV-1393 

4.13331 SiIV-1393 

4.1340B SiIV-1393 

4.10137 SiIV-1402 

3.B93B7 CI-1B60 

4.13119 SiIV-1402 

4.13212 SiIV-1402 

4.13331 SiIV-1402 

4.1340S SiIV-1402 

1.77326 FeII-2600 

3.389S3 A1II-1670 

3.39014 A1II-1670 

3.3906B A1II-1670 

3.39123 A1II-1670 

3.747B7 CIV-1B48 

3.747B7 CIV-1BB0 

3.81899 CIV-1B48 

3.81899 CIV-1BB0 

3.B3B62 A1II-1670 

1.77317 MgII-2796 

1.773S8 MgII-2796 

1.77317 MgII-2803 

1.77.3S8 MgII-2803 

4.06064 CIV-1S48 

4.061B7 CIV-1B48 

4.06248 CIV-1B48 

4.06064 CIV-1BB0 

4.061B7 CIV-1BB0 

4.06248 CIV-1BB0 

4.10106 CIV-1B48 

4.10106 CIV-1BB0 

4.12604 CIV-1B48 

4.12688 CIV-1S48 

4.12982 CIV-1S48 

4.13110 CIV-1S48 

4.1324S CIV-1S48 

4.13331 CIV-1B48 

4.13419 CIV-1B48 

4.12604 CIV-1BB0 

4.12688 CIV-1BB0 

4.12982 CIV-1BB0 

4.13110 CIV-1BB0 

4.1324B CIV-1BB0 

4.13331 CIV-1BB0 

4.13419 CIV-1BB0 
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Table 2. Absorption line parameters of the Lya forest. Lines marked with an asterisk have been fitted using simultaneously 
the observed Lya and Ly/3 profile. 
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Lya 


81 


5784 


89 


1 A C\C\A—C\ 

14.U9±U 


05 


24. 5± 2.3 


3 


75860 


Lya 


6 


5611 


38 


1 3 


78i0 


05 


O A O _l_ O O 

24. 8=t 2.3 


3 


61587 


Lya 


82 


5785 


84 


13.28±U 


1 4 


17. 3± 4.9 


3 


75938 


Lya 


7 


5613 


68 


1 3 


38i0 


05 


24. 5i 2.5 


3 


61776 


Lya 


83 


5787 


01 


13.31 ±0 


06 


29. 5± 5.2 


3 


76034 


Lya 


8 


5615 


98 


1 3 


69i0 


03 


49. 3i 4.1 


3 


61 965 


Lya 


84 


5788 


82 


1 A C\C\A—C\ 

14.UU±U 


03 


36. y± 3.o 


3 


76183 


Lya 


9 


56 1 8 


35 


14 


56i0 


43 


2o.6± /.9 


3 


62 160 


Lya 


85 


5790 


1 1 


13.21 ±0 


1 4 


22. o± (.4 


3 


o o n 
f n28;l 


Lya 


10 


5620 


96 


14 


49i0 


1 5 


^n n_l_ o T a 
79 .9±27 .4 


3 


62375 


Lya 


86 


5791 


92 


13.18±0 


07 


40. 3± 7.9 


3 


76438 


Lya 


1 1 


5623 


57 


1 4 


85i0 


1 7 


v T n_l_ 1 o o 
57.0±13.2 


3 


62590 


Lya 


87 


5793 


94 


14.04±0 


08 


34. 0± 3.4 


3 


76604 


Lya 


1 2 


5625 


83 


1 4 


66i0 


23 


23. 6=t 3.3 


3 


62 i /6 


Lya 


88 


5794 


89 


1 o oo i n 
13.3o±U 


33 


C7 A _l_ 1 n o 
a i .4±la .3 


3 


/ 66o2 


Lya 


1 3 


5630 


58 


13 


12i0 


07 


On O I o n 

39. 8± 8.0 


3 


63166 


Lya 


89 


5799 


64 


14.68±0 


06 


60.4±3.4 


3 


77073 


Lya 


14 


5633 


65 


1 3 


13i0 


06 


25. 5i 4.3 


3 


63419 


Lya 


90 


5803 


23 


13.76±0 


03 


2 ( .6±1 . 1 


3 


I (368 


Lya 


1 5 


5641 


06 


1 2 


75i0 


1 2 


o o _l_ n o 
32. 6± 9.2 


3 


64028 


Lya 


91 


5805 


1 4 


1 O O O I r\ 

13.33±U 


05 


28.0±4.5 


3 


77526 


Lya 


16 


5644 


54 


1 4 


44i0 


13 


24. 4i 2.5 


3 


64315 


Lya 


92 


5806 


40 


13.64±0 


06 


16.2±2.2 


3 


77629 


Lya 


1 7 


5645 


73 


13 


05i0 


1 2 


17. 7i 5.5 


3 


64413 


Lya 


93 


5808 


56 


1 5.15±0 


06 


50.3±5 .1 


3 


( * 8U i 


Lya * 


18 


5647 


32 


13 


46i0 


03 


43. 9i 4.4 


3 


64543 


Lya 


94 


5810 


54 


15.64±0 


22 


25.9±2.1 


3 


77970 


Lya * 


19 


5650 


81 


13 


43i0 


03 


O a _|_ o n 

34. 6± 3.U 


3 


64831 


Lya 


95 


5816 


46 


1 2.64±0 


1 


16.2±4.9 


3 


78457 


Lya 


20 


5653 


35 


13 


02i0 


07 


on n_l_ a 
3U.U=t 6.4 


3 


65039 


Lya 


96 


5817 


92 


1 o nn_Ln 
1 2.99±U 


07 


on n_l_cr n 
3U.U±o .9 


3 


78577 


Lya 


2 1 


5655 


48 


13 


79i0 


02 


O O O _l_ 1 o 

38.2=t 1.8 


3 


65215 


Lya 


97 


5819 


46 


1 2.9U±U 


06 


1 C\ o_l_ o o 
1U.8±3.3 


3 


78703 


Lya 


22 


".i 


1 3 


1 4 


14i0 


05 


on n _|_ o n 
29. 9± 2.9 


3 


65433 


Lya 


98 


5824 


30 


1 A A A A—C\ 

14.44±0 


04 


54.2±3.4 


3 


79102 


Lya 


23 


5659 


25 


14 


21i0 


11 


21. li 2.2 


3 


65525 


Lya 


99 


5826 


23 


17.29±0 


53 


15.5±1 .5 


3 


79260 


Lya 


24 


5 66 1 


37 


13 


46i0 


03 


34. 5i 3.2 


3 


65699 


Lya 


100 


5828 


23 


14.11 ±0 


04 


2 t .o±2 . ; 


3 


79425 


Lya 


25 


5663 


85 


1 3 


02i0 


07 


36. 5i 7.2 


3 


65903 


Lya 


101 


5829 


42 


13.42±0 


04 


28.5±3.4 


3 


79523 


Lya 


26 


5 66 5 


81 


1 4 


07i0 


04 


23. 7i 1.5 


3 


66064 


Lya 


102 


5831 


70 


1 A O A I <~i 

14.o4±U 


08 


51 .1±2 .6 


3 


79710 


Lya 


27 


5 66 7 


09 


13 


89i0 


07 


18. 2± 2.6 


3 


66170 


Lya 


103 


5834 


52 


13.59±0 


02 


21. 0±1 .3 


3 


*"7nn a o 
79942 


Lya 


28 


5668 


59 


1 4 


46i0 


10 


on o_l_ T c 
39.8=t ( ,b 


3 


i~' :"■ O i" 1 ' i 

66293 


Lya 


104 


5837 


00 


14.22±0 


05 


O O 0_l_ 1 

28.8±1 .6 


3 


80146 


Lya 


29 


5670 


44 


13 


73i0 


13 


38.4il2.9 


3 


66445 


Lya 


105 


5838 


76 


13.98±0 


03 


26.8±2.4 


3 


80291 


Lya 


30 


5671 


77 


1 4 


OOiO 


05 


23. 9i 2.0 


3 


66555 


Lya 


106 


5840 


07 


14.00±0 


05 


25.1±3.2 


3 


80399 


Lya 


31 


5674 


1 6 


1 4 


1 liO 


05 


o o T_L 1 n 
28. (±1.9 


3 


66751 


Lya 


107 


5841 


67 


14.13±0 


03 


49.o±4.9 


3 


80530 


Lya 


32 


5675 


35 


12 


66i0 


17 


16. 5± 8.3 


3 


66849 


Lya 


108 


5844 


82 


14.65±0 


09 


44.6±4.9 


3 


80790 


Lya 


33 


5676 


75 


1 2 


84i0 


1 2 


14. 5i 5.2 


3 


66964 


Lya 


109 


5846 


67 


14.11 ±0 


06 


OO A _l_ O C\ 

32 .4±3.U 


3 


80942 


Lya 


34 


5677 


73 


13 


38i0 


05 


25. 6i 4.1 


3 


67045 


Lya 


110 


5849 


09 


13.21 ±0 


06 


43.3±8.4 


3 


81141 


Lya 


35 


5678 


86 


1 3 


93i0 


1 1 


1 n f _l_ O C\ 

19. 6± 3.0 


3 


67138 


Lya 


111 


5850 


94 


13.56±0 


03 


22.7±1 .6 


3 


81293 


Lya 


36 


5681 


02 


1 4 


57i0 


04 


75.8il5.5 


3 


67316 


Lya 


112 


5853 


1 9 


13.95±0 


09 


53.9±8.5 


3 


81478 


Lya 


37 


5683 


25 


1 4 


23i0 


09 


OO O _l_ A O 

33. 2± 4.2 


3 


67499 


Lya 


113 


5854 


44 


14.51 ±0 


37 


22 .5±7.2 


3 


81581 


Lya 


38 


5 68 5 


39 


1 3 


91i0 


04 


25. Oi 1.9 


3 


67675 


Lya 


114 


5 8 5 5 


68 


13.53±0 


30 


O A o l 1 /** n 
24.2±16.2 


3 


8 i 683 


Lya 


39 


5686 


25 


1 3 


61i0 


04 


V O O 1 f *"7 

53. 3± 6.7 


3 


67746 


Lya 


115 


5856 


80 


14.05±0 


1 6 


O *"7 f I 1 O 1 

27.6±12.1 


3 


81775 


Lya 


40 


5688 


42 


13 


25i0 


05 


29. li 4.0 


3 


67924 


Lya 


116 


5862 


77 


14.11 ±0 


03 


32 .1±2 .1 


3 


82266 


Lya 


41 


5690 


79 


13 


75i0 


1 


63.5il0.0 


3 


68119 


Lya 


117 


5864 


1 6 


13.98±0 


1 4 


14.5±3.2 


3 


82380 


Lya 


42 


5691 


78 


1 3 


61i0 


1 2 


25. 0i 4.3 


3 


68 2 1 


Lya 


118 


5865 


14 


14.30±0 


07 


O T c _l_ o o 
2 I .o±3.3 


3 


82461 


Lya 


43 


5694 


63 


1 3 


39i0 


05 


60. 6± 8.9 


3 


68435 


Lya 


119 


5867 


85 


13.09±0 


06 


29.6±5.4 


3 


82684 


Lya 


44 


5696 


43 


1 2 


58i0 


25 


no 1 _l_ 1 o 1 
23. 1± 13.1 


3 


68 5 83 


Lya 


120 


5870 


46 


13.50±0 


03 


Ah. 1 ±2 . i 


3 


oo onn 
828;.::) 


Lya 


45 


569S 


1 


1 3 


26i0 


05 


46. 1 =t /.3 


3 


68721 


Lya 


121 


5871 


70 


1 2.8 I ±U 


1 7 


on o_l_ 11 o 
2U.3±1 1 .2 


3 


83001 


Lya 


46 


5701 


1 5 


1 3 


67i0 


02 


44. 9i 2.6 


3 


68971 


Lya 


122 


5873 


26 


13.94±0 


04 


21 .0±1 .0 


3 


831 2;) 


Lya 


47 


5707 


99 


14 


32i0 


07 


30. 7± 2.6 


3 


69 5 34 


Lya 


123 


5875 


07 


13.06±0 


1 6 


14.6i6.0 


3 


83278 


Lya 


48 


5709 


80 


14 


47i0 


05 


41. 4± 2.7 


3 


69683 


Lya 


124 


n .8 75 


83 


13.55±0 


05 


o o n_l_ o o 


3 


83340 


Lya 


49 


5712 


73 


13 


25i0 


05 


54. 0± 7.1 


3 


69924 


Lya 


125 


5877 


09 


1 2.94±0 


07 


on n_L a o 
2U.U±4.2 


3 


83444 


Lya 


50 


5718 


00 


13 


05i0 


06 


21. 1± 4.1 


3 


70358 


Lya 


126 


5878 


79 


14.38±0 


08 


24.6il .5 


3 


8,3584 


Lya 


5 1 


5719 


28 


13 


74i0 


02 


34. 8± 1.9 


3 


70463 


Lya 


127 


5880 


23 


1 2.81 ±0 


08 


lo.2±3.o 


3 


83702 


Lya 


52 


5721 


34 


13 


54i0 


03 


or^ o 1 n a 
30. 8± 2.4 


3 


70632 


Lya 


128 


5881 


02 


13.52±0 


03 


17.9il .3 


3 


83767 


Lya 


53 


5723 


54 


1 3 


32i0 


07 


70.6±14.7 


3 


70813 


Lya 


129 


5881 


83 


13.06±0 


09 


15.9i5.1 


3 


83834 


Lya 


54 


5727 


75 


1 4 


lOiO 


03 


36. 3± 1.9 


3 


711 59 


Lya 


130 


5883 


21 


13.55±0 


02 


36. ( ±2 .4 


3 


83947 


Lya 


55 


5730 


34 


1 3 


07i0 


OS 


21. 8± 4.3 


3 


71373 


Lya 


131 


5885 


55 


13.86±0 


03 


42.1i3.7 


3 


84140 


Lya 


56 


5731 


73 


13 


47i0 


06 


40. 0± 7.1 


3 


71487 


Lya 


132 


5.886 


85 


13.U9±U 


1 8 


2 ( .o±8. 1 


3 


84247 


Lya 


57 


5733 


01 


13 


09i0 


06 


24. 1± 4.0 


3 


71592 


Lya 


133 


5888 


10 


13.53±0 


08 


25.2i5.1 


3 


84350 


Lya 


58 


5734 


25 


1 4 


OOiO 


06 


19. 6± 1.4 


3 


71694 


Lya 


134 


5889 


1 1 


13.86±U 


04 


O 1 o_l_ o o 
21 .8±2 .2 


3 


84433 


Lya 


59 


5735 


92 


1 3 


18i0 


08 


16. 4± 4.6 


3 


71832 


Lya 


135 


5890 


44 


13.31 ±0 


06 


OO 1 J—/" 1 o 

38.1±6.8 


3 


84542 


Lya 


60 


5736 


84 


13 


63i0 


04 


21. 3± 2.6 


3 


71907 


Lya 


136 


5891 


68 


13.19±0 


06 


on c _l_ o n 
2U.o±2 .9 


3 


84644 


Lya 


61 


5737 


75 


12 


68±0 


12 


17.3± 7.3 


3 


71982 


Lya 


137 


5892 


89 


13.05±0 


10 


33.1ill.O 


3 


84744 


Lya 


62 


5739 


46 


13 


25±0 


11 


30.0± 8.3 


3 


72123 


Lya 


138 


5894 


62 


13.06±0 


07 


19.6i4.9 


3 


84886 


Lya 


63 


5740 


32 


12 


87±0 


27 


16. 7± 8.6 


3 


72193 


Lya 


139 


5896 


59 


14.26±0 


08 


39.1i4.6 


3 


85048 


Lya 


64 


5741 


41 


13 


28±0 


06 


21.3± 4.2 


3 


72283 


Lya 


140 


5898 


02 


14.47±0 


13 


28.8i2.5 


3 


85166 


Lya 


65 


5742 


55 


14 


13±0 


06 


23. 5± 1.7 


3 


72377 


Lya 


141 


5903 


72 


14.36±0 


05 


39.0i3.0 


3 


85635 


Lya 


66 


5744 


24 


12 


53±1 


11 


2.5± 6.4 


3 


72516 


Lya 


142 


5905 


12 


13.42±0 


18 


28.0i7.7 


3 


85750 


Lya * 


67 


5746 


08 


13 


79±0 


03 


27.3± 2.0 


3 


72667 


Lya 


143 


5907 


11 


14.24±0 


05 


36.1i3.5 


3 


85913 


Lya 


68 


5748 


43 


14 


78±0 


07 


54.4± 3.0 


3 


72861 


Lya 


144 


5908 


71 


14.43±0 


14 


31.4i5.7 


3 


86045 


Lya 


69 


5753 


31 


12 


61±0 


18 


13.8± 9.0 


3 


73262 


Lya 


145 


5910 


82 


14.51±0 


13 


30.5i4.2 


3 


86219 


Lya 


70 


5754 


35 


13 


60±0 


03 


25. 2± 2.2 


3 


73348 


Lya 


146 


5912 


68 


14.11±0 


03 


34.0i2.7 


3 


86372 


Lya 


71 


5757 


34 


14 


22±0 


04 


32.8± 2.0 


3 


73594 


Lya 


147 


5914 


64 


14.01±0 


06 


27.8i3.7 


3 


86533 


Lya 


72 


5758 


84 


13 


86±0 


03 


26.6± 2.5 


3 


73717 


Lya 


148 


5915 


57 


13.96±0 


16 


14.6i4.7 


3 


86609 


Lya 


73 


5760 


25 


13 


03±0 


09 


28.8± 8.1 


3 


73833 


Lya 


149 


5916 




14.27±0 


04 


37.8i2.4 


3 


86708 


Lya 


74 


5764 


58 


14 


57±0 


19 


38.4± 6.6 


3 


74189 


Lya 


150 


5921 


71 


14.79±0 


13 


31.6i2.5 


3 


87114 


Lya 




5766 


40 


14 


30±0 


09 


59.7±17.0 


3 


74339 


Lya 


151 


5923 


25 


13.58±0 


05 


19.1=1=2.8 


3 


87241 


Lya 


76 


5768 


41 


15 


09i0 


17 


36.6± 4.4 


3 


74504 


Lya 


152 


5924 


83 


14.16±0 


05 


28.1=1=3.0 


3 


87371 


Lya 
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Table 2. - Continued 



# 






logJV 




b 


z 


ID 


153 


5925.99 


13 


79±0 


.08 


29.2±4.6 


3.87467 


Lya 


154 


5927.17 


13 


,02±0 


,09 


12.2±3.5 


3.87564 




155 


5928.16 


13 


,69±0 


.02 


23.5±1.6 


3.87645 


Lva 


156 


5930.43 


13 


64±0 


.02 


21.8±1.3 


3.87832 


L 


157 


5932.14 


13 


,47±0 


.04 


29.8±3.2 


3.87972 


Lya 


158 


5933.76 


13 


,51±0 


.1 1 


38.2±9.6 


3.88106 


Lya 


159 


5934.48 


13 


,25±0 


.15 


11.9±3.1 


3.88165 


Lya 


160 


5939.89 


13 


,15±0 


.05 


30.1±4.8 


3.88610 




161 


5941.07 


13 


,74±0 


.02 


23.0±1.1 


3.88707 


Lya 


162 


5943.10 


13 


,78±0 


.03 


35.5±3.2 


3.88874 


Lya 


163 


5944.58 


13 


,53±0 


.04 


23.6±2.6 


3.88996 


Lya 


164 


5945.75 


13 


45±0 


.03 


23. Oil. 9 


3.89092 


Lya 


165 


5948.34 


14 


,84±0 


.13 


26.3±1.5 


3.89305 


Lya 


166 


5952.83 


13 


57±0 


.02 


20.5±1.1 


3.89674 


Lya 


167 


5954.41 


13 


,26±0 


,07 


11.3±2.0 


3.89804 


Lya 


168 


5954.94 


13 


61±0 


.04 


51.3±6.0 


3.89848 




169 


5956.96 


13 


17±0 


.09 


43.7±8.4 


3.90014 


Lya 


170 


5959.13 


13 


,03±0 


.20 


35.8±11.7 


3.90193 




171 


5960.55 


13 


,87±0 


.04 


37.3±4.2 


3.90309 


Lva 


172 


5962.20 


13 


,88±0 


.02 


24.4±1.8 


3.90445 


Lva 


173 


5963.50 


12 


,96±0 


.08 


26.8±5.6 


3.90552 


Lya 


174 


5966.98 


13 


,77±0 


.02 


30.7±1.4 


3.90838 


Lya 


175 


5968.74 


14 


,30±0 


.04 


20.4±1.3 


3.90983 


Lya 


176 


5970.14 


14 


24±0 


.03 


30.9±1.6 


3.91098 


Lya 


177 


5972.50 


13 


,09±0 


.05 


36.2±5.6 


3.91292 




178 


5974.82 


13 


,67±0 


.05 


19.2±1.9 


3.91483 


Lya 


179 


5975.35 


13 


60±0 


.07 


38.3±6.2 


3.91527 


Lya 


180 


5977.33 


14 


,88±0 


.24 


26.9±3.8 


3.91690 


Lva 


181 


5978.68 


13 


,58±0 


.10 


17.9±4.0 


3.91801 


Lva 


182 


5979.69 


13 


57±0 


.07 


29.5±5.8 


3.91884 


Lya 


183 


5980.80 


12 


,98±0 


.13 


16.6±5.1 


3.91975 


Lya 


184 


5981.84 


13 


,39±0 


.04 


23.6±3.1 


3.92061 




185 


5984.07 


14 


,31±0 


.02 


46.5±1.6 


3.92244 


Lya 


186 


5986.64 


14 


,69±0 


.06 


19.1±1.8 


3.92456 




187 


5987.85 


15 


,58±0 


.18 


20.5±1.3 


3.92555 


Lya * 


188 


5990.92 


13 


,84±0 


.02 


29.6±1.3 


3.92808 


Lya 


189 


5994.31 


1 2 


,88±0 


.08 


26.2±6.0 


3.93086 


Lya 


190 


5995.66 


13 


,04±0 


.23 


70.4±44.3 


3.93198 


Lya 


191 


5997.39 


14 


,82±0 


.16 


30.2±3.2 


3.93340 




192 


5998.68 


14 


,10±0 


.51 


11.0±6.7 


3.93446 


Lya * 


193 


5999.96 


14 


,94±0 


.08 


26.7±3.6 


3.93551 




194 


6001.78 


15 


,26±0 


.06 


41.8±2.6 


3.93701 


Lva * 


195 


6004.24 


13 


20±0 


.06 


37.5±6.2 


3.93903 


Lya 


196 


6006.48 


14 


,57±0 


.05 


18.1±1.0 


3.94088 


Lya * 


197 


6007.59 


14 


,30±0 


.04 


30.6±3.4 


3.94179 


Lya * 


198 


6009.67 


14 


,49±0 


.06 


36.6±2.2 


3.94350 


Lya 


199 


6012.83 


13 


,34±0 


.04 


20.2±2.3 


3.94610 




200 


6013.87 


14 


,05±0 


.02 


28.5±1.6 


3.94695 


Lya 


201 


6016.35 


14 


,03±0 


.01 


46.4±1.5 


3.94899 


Lya 


202 


6019.07 


13 


,59±0 


.02 


33.8±2.0 


3.95123 


Lya 


203 


6021.14 


14 


32±0 


.05 


28.5±1.8 


3.95294 


Lya 


204 


6022.53 


13 


83±0 


,21 


24.3±4.4 


3.95408 


Lya 


205 


6023.34 


13 


,39±0 


,61 


39.4±39.6 


3.95474 


Lya 


206 


6025.07 


13 


50±0 


.04 


19.4±1.7 


3.95617 


Lya 


207 


6026.44 


14 


07±0 


.02 


37.7±1.9 


3.95729 




208 


6029.37 


13 


57±0 


.23 


41.1±10.3 


3.95971 


Lva 


209 


6029.98 


14 


,16±0 


.1 1 


20.1±3.2 


3.96021 


Lya 


210 


6031.48 


13 


,32±0 


.04 


44.3±4.8 


3.96144 


Lya 


211 


6034.07 


13 


,92±0 


.07 


61.7±6.2 


3.96357 




212 


6034.75 


13 


,53±0 


.15 


23.5±5.4 


3.96413 


Lya 


213 


6039.16 


14 


,82±0 


.09 


18.6±2.0 


3.96776 


Lya * 


214 


6040.06 


14 


,47±0 


.06 


68.5±3.7 


3.96850 




215 


6040.17 


14 


93±0 


.10 


20.8±2.3 


3.96859 


Lya * 


216 


6043.23 


13 


.81±0 


.15 


21.5±3.1 


3.97111 


Lya 


217 


6044.08 


14 


21±0 


.04 


19.9±1.6 


3.97181 


Lya 


218 


6045.04 


13 


,29±0 


.04 


17.4±2.3 


3.97260 


Lya 


219 


6046.30 


13 


91±0 


.06 


44.7±7.7 


3.97363 


Lya 


220 


6050.99 


13 


28±0 


.15 


39.1±12.0 


3.97749 


Lya 


221 


6051.82 


13 


.43±0 


,09 


16.9±2.3 


3.97817 


Lya 


222 


6057.84 


13 


,49±0 


.05 


39.4±4.7 


3.98312 


Lya 


223 


6059.02 


14 


,35±0 


.36 


14.7±3.5 


3.98409 


Lya 


224 


6059.80 


14 


,22±0 


.23 


18.3±5.0 


3.98474 


Lya 


225 


6061.35 


13 


,94±0 


.02 


35.0±2.9 


3.98601 


Lya 


226 


6062.71 


13 


,75±0 


.03 


26.3±1.7 


3.98713 


Lya 


227 


6064.46 


14 


,02±0 


.07 


19.4±1.8 


3.98857 


Lya 


228 


6065.24 


13 


,87±0 


.08 


22.0±2.5 


3.98921 


Lya 



# 




logiV 




b 




z 


ID 


230 


6067 


,53 


14.47±0 


,04 


27.3±0.8 


3 


,99109 


Lya 


229 


6067 


,53 


14.47±0 


,04 


27.3±0.8 


3 


,99109 


Lya 


230 


6068 


.55 


13.18±0 


.06 


9.9±1.8 


3 


,99193 


Lya 


231 


6069 


.62 


13.32±0 


,04 


41.7±4.6 


3 


,99281 


Lya 


232 


6070 


.60 


13.06±0 


,06 


23.5±2.8 


3 


,99362 


Lya 


233 


6072 


.44 


14.66±0 


.01 


32.3±0.2 


3 


,99513 


Lya 


234 


6074 


.88 


13.83±0 


,02 


30.5±1.9 


3 


,99714 


Lya 


235 


6076 


.16 


15.14±0 


,37 


18.7±2.9 


3 


,99819 


Lya * 


236 


6077 


.27 


13.86±0 


,13 


59.3±15.5 


3 


.99911 


Lya 


237 


6080 


.92 


15.13±0 


.13 


62.2±5.7 


4 


.00211 


Lya 


238 


6083 


.66 


13.47±0 


.14 


43.4±8.2 


4 


,00436 


Lya 


239 


6085 


.94 


13.26±0 


.03 


21.9±2.2 


4 


,00624 


Lya 


240 


6087 


.68 


14.26±0 


,05 


28.7±2.3 


4 


,00767 


Lya 


241 


6089 


,12 


14.42±0 


.05 


38.9±3.1 


4 


,00885 


Lya 


242 


6091 


.19 


13.34±0 


,07 


45.6±8.5 


4 


,01056 


Lya 


243 


6093 


.32 


13.57±0 


,04 


34.1±3.3 


4 


,01231 


Lya 


244 


6094 


.67 


13.45±0 


,05 


30.9±3.8 


4 


,01342 


Lya 


245 


6096 


.26 


13.33±0 


,04 


36.8±4.5 


4 


,01473 


Lya 


246 


6098 


.18 


13.04±0 


.49 


28.9±16.9 


4 


,01631 


Lya 


247 


6099 


.01 


13.33±0 


,24 


30.1±8.0 


4 


.01699 


Lya 


248 


6101 


.44 


14.11±0 


.02 


28.2±1.1 


4 


.01899 


Lya 


249 


6102 


.57 


12.88±0 


.15 


11.7±3.7 


4 


,01992 


Lya 


250 


6103 


.42 


13.45±0 


,05 


31.2±4.5 


4 


,02062 


Lya 


251 


6104 


.87 


13.25±0 


.04 


21.1±2.8 


4 


.02181 


Lya 


252 


6106 


.77 


13.80±0 


,01 


18.0±0.3 


4 


,02337 


Lya * 


253 


6107 


44 


13.17±0 


.31 


12.4±18.5 


4 


,02392 


Lya * 


254 


6108 


,17 


13.54±0 


.02 


18. Oil. 4 


4 


,02453 


Lya * 


255 


6108 


,83 


13.77±0 


,04 


12.1±0.7 


4 


,02507 


Lya * 


256 


6109 


,76 


14.51±0 


,02 


24.0±0.4 


4 


,02583 


Lya * 


257 


6111 


.58 


13.49±0 


,04 


22.9±2.2 


4 


,02733 


Lya 


258 


6114 


,60 


12.96±0 


,04 


23.9±3.2 


4 


,02981 


Lya 


259 


6123 


.64 


13.28±0 


.03 


58.9±5.3 


4 


.03725 


Lya 


260 


6127 


.54 


13.79±0 


.04 


55.2±2.1 


4 


,04046 


Lya 


261 


6128 


.11 


14.34±0 


.12 


19.8±1.9 


4 


,04093 


Lya 


262 


6131 


.07 


13.41±0 


.02 


29.7±1.4 


4 


,04336 


Lya 


263 


6138 


.73 


12.89±0 


.08 


29.8±7.1 


4 


.04966 


Lya 


264 


6139 


.58 


12.68±0 


.09 


12.1±2.3 


4 


.05036 


Lya 


265 


6142 


,36 


13.01±0 


,04 


26.9±3.3 


4 


,05265 


Lya 


266 


6143 


,23 


12.44±0 


,11 


9.4±3.6 


4 


,05337 


Lya 


267 


6144 


.05 


12.60±0 


,10 


21.3±5.9 


4 


,05404 


Lya 


268 


6145 


.26 


12.92±0 


,06 


26.7±5.2 


4 


,05503 


Lya 


269 


6146 


.79 


13.42±0 


,02 


26.4±1.5 


4 


,05629 


Lya 


270 


6148 


.48 


13.66±0 


,01 


35.2±1.2 


4 


,05768 


Lya 


271 


6150 


.63 


13.06±0 


.09 


37.8±9.6 


4 


.05946 


Lya 


272 


6161 


.42 


13.97±0 


,07 


22.5±2.7 


4 


.06833 


Lya 


273 


6162 


.36 


14.71±0 


.06 


19.4±1.0 


4 


,06910 


Lya 


274 


6166 


.72 


13.22±0 


,05 


49.6±6.3 


4 


.07269 


Lya 


275 


6168 


.14 


13.26±0 


,20 


12.3±3.1 


4 


.07386 


Lya 


276 


6168 


.43 


13.61±0 


,22 


26.0±4.4 


4 


.07409 


Lya 


277 


6169 


.08 


13.34±0 


.42 


38.9±14.6 


4 


.07463 


Lya 


278 


6170 


.93 


12.90±0 


,05 


27.4±3.8 


4 


,07615 


Lya 


279 


6172 


.41 


13.00±0 


,03 


26.4±2.8 


4 


,07737 


Lya 


280 


6174 


,15 


13.02±0 


,04 


29.1±3.9 


4 


,07880 


Lya 


281 


6175 


.54 


13.48±0 


,01 


20.5±0.8 


4 


,07994 


Lya 


282 


6177 


,12 


13.00±0 


,03 


29.6±3.2 


4 


,08124 


Lya 


283 


6179 


.23 


13.45±0 


,01 


27.3±0.9 


4 


,08298 


Lya 


284 


6181 


.19 


13.15±0 


,08 


26.2±3.5 


4 


,08459 


Lya 


285 


6182 


.15 


13.41±0 


,05 


28.0±2.5 


4 


,08538 


Lya 


286 


6186 


.20 


14.44±0 


,04 


30.3±0.8 


4 


.08871 


Lya 


287 


6186 


.80 


14.87±0 


.08 


25.6±0.9 


4 


.08921 


Lya 


288 


6188 


.1 1 


13.26±0 


,03 


21. Oil. 8 


4 


.09028 


Lya 


289 


6190 


.46 


13.96±0 


.01 


28.9±0.5 


4 


,09222 


Lya 


290 


6192 


.55 


13.08±0 


,02 


37.1±2.2 


4 


.09394 


Lya 


291 


6196 


,30 


13.78±0 


,01 


24.8±0.5 


4 


,09702 


Lya 


292 


6197 


,81 


11.92±0 


,15 


8.2±5.5 


4 


,09826 


Lya 


293 


6199 


,82 


13.15±0 


.03 


22.5±1.9 


4 


,09991 


Lya 


294 


6203 


,64 


12.36±0 


,09 


18.9±5.2 


4 


,10306 


Lya 


295 


6209 


,05 


13.08±0 


.04 


46.9±5.0 


4 


,10751 


Lya 


296 


6210 


,78 


13.31±0 


,04 


25.5±2.1 


4 


,10893 


Lya 


297 


6211 


,91 


12.61±0 


,17 


29.8±11.1 


4 


,10986 


Lya 


298 


6213 


,71 


12.36±0 


,09 


22.0±6.7 


4 


.11134 


Lya 


299 


6215 


.84 


12.82±0 


.04 


30.0±4.1 


4 


11309 


Lya 


300 


6217 


.58 


12.84±0 


.05 


18.8±2.7 


4 


.11453 


Lya 


301 


6218 


.75 


13.97±0 


.01 


25.7±0.5 


4 


11549 


Lya 


302 


6221 


.23 


13.21±0 


.04 


26.8±2.0 


4 


.11753 


Lya 


303 


6222 


.38 


12.57±0 


,19 


30.5±13.7 


4 


,11847 


Lya 


304 


6230 


,51 


12.78±0 


,19 


17.2±5.4 


4 


,12516 


Lya 
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Table 3. Absorption line parameters of the metal systems. 



-1L 
# 






log N 








z 


ID 


1 


4924 


96 


13 


51±0 


13 


3.1± 1.3 


3 


38954 


Fell- 1121 


2 


4925 


60 


14 


48±0 


08 


11. 4± 1.0 


3 


39011 


Fell- 1121 


3 


4926 


91 


12 


90±0 


20 


3.1± 2.0 


3 


39128 


Fell- 1121 


4 


4928 


00 


20 


20±0 


00 


40. 0± 0.0 


3 


05373 


MLya 


5 


4943 


13 


14 


81±0 


23 


39. 3± 8.0 


3 


81916 


MLy/3 


6 


4979 


16 


14 


69±0 


04 


13. 9± 1.3 


3 


39015 


NI-1134.1 


7 


4980 


26 


14 


69±0 


04 


13. 9± 1.3 


3 


39015 


NI-1134.4 


8 


4982 


74 


14 


69±0 


04 


13. 9± 1.3 


3 


39015 


NI-1134.9 


9 


5014 


46 


14 


22±0 


25 


16. 0± 2.2 


4 


13240 


CIII-977 


10 


5020 


58 


12 


93±0 


13 


8.2± 2.5 


3 


16127 


SiIII-1206 


11 


5021 


35 


13 


18±0 


06 


24. 7± 5.5 


3 


16191 


SiIII-1206 


12 


5022 


13 


12 


55±0 


24 


15.9±10.1 


3 


16256 


SiIII-1206 


13 


5023 


20 


13 


00±0 


03 


27. 8± 2.6 


3 


16344 


SiIII-1206 


14 


5025 


75 


13 


51±0 


13 


3.1± 1.3 


3 


38954 


Fell- 1144 


15 


5026 


41 


14 


48±0 


08 


11. 4± 1.0 


3 


39011 


Fell- 1144 


16 


5027 


75 


12 


90±0 


20 


3.1± 2.0 


3 


39128 


Fell- 1144 


17 


5058 


73 


15 


88±1 


44 


16. 2± 5.9 


3 


16126 


MLya 


18 


5060 


00 


15 


39±4 


00 


15. 1± 3.2 


3 


16231 


MLya 


19 


5060 


13 


15 


99±0 


65 


15. 8± 4.6 


3 


16242 


MLya 


20 


5061 


38 


15 


37±0 


63 


15. 0± 2.5 


3 


16344 


MLya 


21 


5190 


56 


14 


27±0 


06 


26. 7± 3.9 


4 


06039 


MLy/3 


22 


5191 


78 


14 


48±0 


07 


44. 1± 7.3 


4 


06158 


MLy/3 


23 


5192 


94 


13 


19±0 


12 


21. 4± 5.6 


4 


06271 


MLy/3 


24 


5223 


83 


12 


56±0 


11 


4.0± 2.4 


3 


38823 


Sill- 11 90 


25 


5225 


45 


13 


68±0 


05 


6.4± 0.9 


3 


38960 


Sill- 11 90 


26 


5226 


1 1 


14 


47±0 


05 


16. 1± 1.3 


3 


39015 


Sill- 11 90 


27 


5226 


75 


12 


84±0 


13 


6.8± 3.4 


3 


39069 


Sill- 11 90 


28 


5227 


42 


13 


20±0 


19 


2.3± 0.7 


3 


39125 


Sill- 11 90 


29 


5236 


44 


12 


56±0 


11 


4.0± 2.4 


3 


38823 


Sill- 11 93 


30 


5238 


07 


13 


68±0 


05 


6.4± 0.9 


3 


38960 


Sill- 11 93 


31 


5238 


73 


14 


47±0 


05 


16. 1± 1.3 


3 


39015 


Sill- 11 93 


32 


5239 


37 


12 


84±0 


13 


6.8± 3.4 


3 


39069 


Sill- 11 93 


33 


5240 


04 


13 


20±0 


19 


2.3± 0.7 


3 


39125 


Sill- 11 93 


34 


5261 


65 


15 


02±0 


22 


24. 0± 0.0 


4 


12970 


MLy/3 


35 


5263 


04 


15 


80±0 


93 


27.8±15.6 


4 


13105 


MLy/3 


36 


5264 


40 


15 


00±0 


21 


24. 0± 0.0 


4 


13238 


MLy/3 


37 


5265 


16 


14 


56±0 


47 


25. 0± 0.0 


4 


13312 


MLy/3 


38 


5266 


16 


15 


39±0 


27 


38. 8± 3.1 


4 


13410 


MLy/3 


39 


5293 


00 


14 


41±4 


67 


2.1± 8.5 


4 


10111 


OVI-1037 


40 


5293 


65 


14 


48±0 


93 


5.8± 3.1 


4 


12987 


OVI-1031 


41 


5295 


1 2 


17 


00±0 


28 


23. 3± 4.4 


4 


13130 


OVI-1031 


42 


5296 


62 


16 


18±2 


83 


10. 6± 8.6 


4 


13275 


OVI-1031 


43 


5297 


08 


14 


25±5 


81 


3.2± 7.5 


4 


13320 


OVI-1031 


44 


5298 


23 


17 


00±0 


02 


18. 0± 0.7 


4 


13430 


OVI-1031 


45 


5337 


04 


21 


30±0 


00 


40. 0± 0.0 


3 


39021 


MLya 


46 


5472 


28 


12 


51±0 


08 


21. 5± 5.4 


3 


53566 


SiIII-1206 


47 


5473 


70 


12 


64±0 


06 


31. 8± 6.1 


3 


53683 


SiIII-1206 


48 


5513 


95 


15 


36±0 


99 


23. 6± 7.8 


3 


53572 


MLya 


49 


5515 


71 


14 


77±0 


18 


32. 2± 3.0 


3 


53717 


MLya 


50 


5531 


03 


12 


56±0 


11 


4.0± 2.4 


3 


38823 


SiII-1260 


51 


5532 


75 


13 


68±0 


05 


6.4± 0.9 


3 


38960 


SiII-1260 


52 


5533 


16 


13 


51±0 


13 


3.1± 1.3 


3 


38954 


Fell- 1260 


53 


5533 


45 


14 


47±0 


05 


16. 1± 1.3 


3 


39015 


SiII-1260 


54 


5533 


89 


14 


48±0 


08 


11. 4± 1.0 


3 


39011 


Fell- 1260 


55 


5534 


13 


12 


84±0 


13 


6.8± 3.4 


3 


39069 


SiII-1260 


56 


5534 


83 


13 


20±0 


19 


2.3± 0.7 


3 


39125 


SiII-1260 


57 


5535 


36 


12 


90±0 


20 


3.1± 2.0 


3 


39128 


Fell- 1260 


58 


5585 


40 


14 


95±0 


10 


46. 4± 4.6 


3 


59450 


MLya 


59 


5638 


64 


13 


83±0 


05 


18. 5± 3.7 


3 


53703 


NV-1242 


60 


5706 


37 


12 


77±0 


13 


1.7± 0.5 


1 


43423 


FeII-2344 


61 


5714 


27 


13 


58±0 


10 


14. 2± 5.5 


3 


38826 


OI-1302 


62 


5715 


96 


14 


76±0 


33 


7.1± 2.3 


3 


38956 


OI-1302 


63 


5716 


71 


15 


12±0 


49 


15. 7± 8.8 


3 


39014 


OI-1302 


64 


5717 


41 


14 


05±0 


26 


10. 1± 5.6 


3 


39068 


OI-1302 


65 


5723 


89 


12 


56±0 


11 


4.0± 2.4 


3 


38823 


SiII-1304 


66 


5725 


67 


13 


68±0 


05 


6.4± 0.9 


3 


38960 


SiII-1304 


67 


5726 


39 


14 


47±0 


05 


16. 1± 1.3 


3 


39015 


SiII-1304 


68 


5727 


09 


12 


84±0 


13 


6.8± 3.4 


3 


39069 


SiII-1304 


69 


5727 


82 


13 


20±0 


19 


2.3± 0.7 


3 


39125 


SiII-1304 


70 


5771 


04 


15 


23±0 


37 


20. 5± 3.2 


3 


74721 


MLya 


71 


5814 


30 


12 


60±0 
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Fig. 3. The Doppler parameter b as function of wavelength. 
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Fig. 4. The Doppler parameter distribution, with a median value of 
about 27.8 km s~ x . The lines are those not affected by the proximity 
effect. 
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way the tendency of lines with larger b to show larger column 
densities is strongly reduced. 



3. 3. The UV background at z < 4 

The reduction of the number density of the absorption lines 
along the wing of the quasar Lya emission is interpreted as due 
to the enhancement of the ionization of the gas cloud by the 
UV emission of the nearby quasar which is superimposed to the 
general UV background (Bajtlik et al. 1988). This proximity 
effect allows a statistical estimate of the UVB as a function of 
redshift. 

Following the Bajtlik et al. model, the line distribution per 
unit column density can be represented in the proximity of the 
QSO by (the subscript HI is omitted for simplicity): 



dzdN 



= A(l + zy'N- f \l + oj) 



(1-/3) 



(1) 



where u) is the ratio of the quasar Lyman limit flux to the 
background flux received by any cloud at its redshift. 

Assuming a power law spectrum f v oc v~ a , with a = 0.72 
(Schneider et al. 1989) and the continuum flux estimated at the 
minimum between SilV and CIV emissions from the spectrum 
of Schneider et al. 1989, the flux at 912 A is f 912 = 2.5 x 1CT 27 
erg s _1 cm~ 2 Hz -1 . Uncertainties in the calculation of uj de- 
pend mainly on the estimate of the systemic emission redshift 
of the quasar. As shown by Espey et al. (1993), the best es- 
timate of the actual redshift is given by the low ionization 
lines, as for example the Mgll doublet. We adopted the value 
Zem = 4.126 as we derived from the fit to the 01(1302) emission 
line. 

We have considered the sample of Lya lines not associated 
with metal systems with z > 3.60 and log Nhi > 13.8. The 



Fig. 5. Plot of the Doppler parameter b versus log Nhi for a sub- 
sample of absorption lines. Solid dots arc parameters obtained from 
a fit of the Lya only, the squares show the result of the fit when 
Ly/3 is also considered. One can note a splitting of the higher col- 
umn density lines and a lowering of the b values. 
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Fig. 6. dn/dX-f as function of logo; for lines with log Nhi > 13..' 
and for the UV background radiation J ~ 7 X 10 — 22 erg s - 
cm -2 Hz -1 sr _1 . 
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high threshold adopted for the column density of the sample 
avoids the bias in the redshift distribution of the weaker lines 
due to the blanketing effect produced by the stronger ones. 

In Fig. ^the predicted distribution of the line density in the 
coevolving redshift interval dX~, = (1 + z) 1 is shown together 
with the data points binned as in Bajtlik et al. (1988). The best 
fit gives J = J-22 x 10 -22 erg s -1 cm -2 Hz -1 sr _1 with J-22 — 
7 assuming an intrinsic line distribution with 7 = 2.89, f3 = 
1.79 and A — 10 11 ' 22 , as derived from the statistical analysis 
of the data sample used by Giallongo et al. (1996) for lines 
with log Nhi > 13.8. Only values J-22 < 4 and J-22 > 18 are 
excluded at more than 2cr level. This result is consistent with 
the value J-22 = 6 derived from a large data sample (including 
this spectrum) by Giallongo et al. (1996) without correction 
for line blanketing. Including line blanketing corrections in the 
large sample reduces the UVB from J-22 = 6 to J-22 = 5. At 
higher redshift, z ~ 4.5, Williger et al. (1994), have measured 
the proximity effect in the forest of BR1033 — 03 obtaining a 
value J-22 ~ 3. This might imply a possible evolution of the 
UVB at z > 4, which is to be confirmed by a larger data set. 

The value derived from the proximity effect in Q0000 — 
26 is not far from that predicted for the quasar population 
at the same redshift J-22 ~ 1 — 2 (Haardt & Madau 1996), 
although there is room for a contribution by other kind of 
ionizing sources like primeval galaxies. 

Disentangling between these two possibilities requires the 
knowledge of the shape of the UV background around the Hell 
edge at 4 Rydberg (228 A). This can be done either through 
the direct measure of the quasar flux at 4 Ryd in the few 
cases where the quasar spectrum can be observed in this region 
(Jakobsen et al. 1994; Davidsen et al. 1995) or in an indirect 
way through the measure of the relative abundances of ions 
like CIV and SilV whose ionization potentials are near the 
Hell edge (Miralda-Escude & Ostriker 1990). In the next sec- 
tion we derive constraints on the shape of the UVB and on the 



nature of the ionizing sources from the study of three optically 
thin Lycv absorption systems at z ^ 3.5. 

4. The metal systems 

The metal systems of 0000 — 26 have been already studied in 
Savaglio et al. (1994). In this work, the new data allow to con- 
firm the old metal systems (except one) and to identify five 
new ones, with relatively low HI column density. Table [l| lists 
the two low redshift metal systems containing the Mgll ab- 
sorption doublet. Table |E| shows the CIV high-redshift systems 
with z em — Zabs > 5000 km s _1 , considered to be intervening. 
Table ^ lists the CIV systems with z em — z a t a < 5000 km s~\ 
considered to be associated. All the high-redshift systems show 
CIV doublet together with the Lycv line. 

For all the systems we looked for metal lines of cosmological 
relevance falling in the observed range. For most of these, we 
give upper limits to the column density assuming a 6 value as 
reported in the Tables. Statistical errors of the line parameters 
are given as a result of the line fitting procedure adopted. 

4-1. Ionization in the intervening systems 

QSO absorption systems showing metal lines are inter- 
preted as originating in intervening galaxies and thus represent 
an important tool for the study of the chemical evolution of 
their gaseous content. The conversion of the observed column 
densities to the metal content of an optically thin gas cloud is 
not straightforward, since it depends on poorly known parame- 
ters, mainly the ionizing UV radiation and the cloud geometry 
and density. An extensive discussion on the chemical evolution 
of galaxies can be found in Timmes et al. (1995). Abundance 
determinations are traditionally reported in terms of an ele- 
ment abundance relative to iron, [X/Fe], as a function of the 
iron-to-hydrogen ratio [Fe/H]. The [Fe/H] ratio represents a 
chronometer in that the accumulation of iron in the interstel- 
lar medium increases monotonically with time. Unfortunately 
in the high redshift metal absorption systems iron is generally 
not observable, and abundances are derived respect to carbon 
and silicon. 

Timmes et al. show that the [C/Fe] ratio is about con- 
stant within a large range of metallicity. Observations of halo 
Galactic stars give [C/Fe] ~ down to [Fc/H] = -2 (Wheeler 
et al. 1989). For this reason carbon can be used, neglecting 
any depletion by dust, as a tracer of the chemical evolution 
of the absorbing clouds. Silicon is expected to be overabun- 
dant with respect to carbon by a factor not higher than [Si/C] 
= 0.5 — 1 dex as a result of nucleosynthesis of massive metal 
poor stars. Relative silicon determinations in the interstellar 
medium have been presented by Lu et al. (1996) for a sam- 
ple of Damped Lycv systems. They found that in the range of 
metallicity —2.6 < [Fe/H] < —0.7, there is a silicon overabun- 
dance respect to iron in the range [Si/Fe] ~ 0.2 — 0.6. 

In this work we focus our attention to the metal systems 
which are optically thin in hydrogen, similar to those studied 
by Cowie et al. (1995), with HI column densities ~ 10 15 cm -2 . 

In three cases we detected SilV together with CIV absorp- 
tion (Fig. [?]). Their ratio provides an important information 
about the shape of the ionizing UV background and the sources 
responsible for it (Miralda-Escude & Ostriker 1990). In partic- 
ular the ratio depends on the average slope of the UVB around 
the Hell edge at 4 Ryd. Both model predictions and observa- 
tions of far UV quasar spectra suggest that the UVB shape 
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Table 4. Low redshift metal systems of Q0000 — 26. Upper limits to column densities are obtained for b values between brackets. 



%abs 


Fell 

logiV b 


Mgll 
log iV b 


Mgl 

log iV b 


1.4326 
1.4342 
1.4338 


13.47 ± 1.47 0.9 ±0.4 
12.77 ±0.13 1.7 ±0.5 
11.97 ± 1.21 1.3 ± 1.1 


12.50 ±0.08 4.5 ±1.5 
14.93 ±0.40 3.0 ±0.4 
15.36 ±0.75 1.1 ±5.7 


< 12.0 (5) 

< 11.7 (5) 

< 11.4 (5) 


1.7732 
1.7736 


< 12.7 (10) 

< 12.5 (10) 


12.43 ±0.25 2.4 ±2.5 
13.50 ±1.79 1.6 ±0.7 


< 11.6 (10) 

< 11.6 (10) 



Fig. 7. SilV, CIV and HI absorption for three intervening systems, 
one of which with two components. 
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beyond 1 Ryd is more complex than a simple power law be- 
cause of HI and Hell absorption by the intergalactic medium 
(Madau 1992). An intrinsic steepening of the UVB at the Hell 
edge could be also present if the ionizing sources are of stellar 
origin. 

In this discussion we considered all absorption lines in every 
metal component having origin in a single-phase gas cloud, 
with a uniform density and ionization state. 

We assumed that the UV background radiation is the only 
ionizing source. Thus the large 6 values found in some system 
suggest the presence of additional broadening mechanisms, like 
turbulent broadening or the presence of several components, 
which cannot be constrained given the limited s/n and resolu- 
tion. Nevertheless, we have verified that adding components or 
a turbulent broadening does not change significantly the total 
CIV and SilV column densities, as expected for unsaturated 
lines. 

To estimate absolute and relative abundances for the three 
systems, we used the standard photoionization code CLOUDY 



(Ferland 1991) varying the most critical parameters like the 
intensity and shape of the UVB and the total density of the 
clouds. 

We considered two values for the UV flux at 912 A, J-22 = 
1 and 5. For each of the four components at z a bs= 3.5357, 
3.5369, 3.7475 and 3.8190 we have computed the metallicity 
[C/H] and the relative abundance [C/Si] respect to solar val- 
ues as a function of the total density assuming different UVB 
shapes. The HI column densities assumed are those derived 
from the fit of the Lya and/or Ly/3 shown in Fig. |?]. An upper 
limit can be estimated from the lack of the Lyman limit edge 
(Fig. §) to be log Nhi % 16. 

Results are shown in Fig. ^ for J-22 = 5 and dif- 
ferent assumptions on the jump at the Hell edge Sl = 
J(lRyd) I J(4Ryd). In the first plots from the left the value 
Sl — 25 is assumed according to the predicted shape of the 
UVB produced by quasars (Haardt & Madau 1996). In the 
other cases, progressively higher values are assumed as ex- 
pected when stellar ionizing sources become the dominant con- 
tributors. 

In all the systems shown in Fig. |^ it appears that when 
log Sr, < 2, the [C/Si] ratio can be maintained within accept- 
able values higher than —1 dex, in agreement with prediction 
by chemical evolution models for galaxies (Timmes et al. 1995), 
only for logn.tr ~ — 2.5. At such high densities the metallicity 
is relatively high [C/H] = —1 ~ —1.5, while the cloud thick- 
ness is of only few hundreds of parsec. If we assume sizes at 
least one order of magnitude larger (few kpc) we are forced to 
lower the density of the systems to log nn = — 3 resulting in an 
implausible overabundance of silicon over carbon by 100-1000 
times the solar value. 

However, if we assume a deeper UVB jump at the Hell 
edge we can obtain more consistent results. For Sl ~ 1000 the 
silicon overabundance is within a factor of 10 in all the systems 
considered and the metallicities are about two orders of mag- 
nitude below the solar, while keeping the cloud size reasonably 
large. 

Similar results hold also for J-22 = 1, where we have in gen- 
eral higher values of [C/H] and [C/Si]. For S L ^ 100 we have 
[C/Si] ~ —1 for logri£r ~ —3, but the sizes remain less than a 
kpc and the metallicities would be unusually high, [C/H] ;S — 1, 
for these optically thin clouds. 

Errors on the abundance determinations are mostly sys- 
tematic and due to uncertainties on the model. However, un- 
certainties coming from the fitting procedure are dominated by 
errors on the HI column density, since these are much larger 
than for metal lines. We have verified that relative metal abun- 
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Fig. 8. Metal content as function of the gas density for three intervening systems (one of which with two components) with HI, CIV and 
SilV absorption. Here we assume J-22 = 5 and varied Sl- Error bars for [C/H] due to the errors on the column densities of HI and CIV 
are of about 0.2 dex, 1 dex, 0.5 dex and 0.3 dex for the four systems at z = 3.5357, 3.5369, 3.7475, 3.8190 respectively. Error bars for 
relative abundances of [C/Si] are typically of 0.1 dex. 



log S L = 1.5 log S L = 2 log S L = 2.9 log S L = 3.5 




dances do not change rescaling the HI column density accord- 
ing to the upper and lower limit given by the errors, while the 
metallicity do. 

We notice that Songaila et al. (1995) have observed four 
metal systems in the spectrum of 2000-33 deriving an average 
Sl ~ 70 at z = 3.2. Any further constraint on the shape of 
the UV flux coming from the ionization state of low column 
density Lyev lines will be important for the investigation of the 



evolution with redshift or inhomogeneity of the ionizing UV 
population. 

At this point we can only speculate that being the IGM 
highly ionized at the Lyman limit as derived by the Gunn- 
Peterson test in the spectra of the highest redshift quasars 
known (Giallongo et al. 1994), the UVB should maintain a high 
intensity level beyond 1 Ryd up to z — 5. Since the number 
density of quasars at redshift z > 3 bends down (Pei 1995), a 
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change in the kind of ionizing population could take place at 
these redshifts with a possible dominance of primeval galaxies. 
Given the strong spectral difference at the Hell edge of the 
two populations, an increasing jump at the Hell edge with 
increasing redshift should be expected. 

Fig. 9. Portion of the long slit spectrum at low resolution. Ticks 
show the position of Lyman limits for some of the detected metal 
systems. 
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4-2. The associated systems 

The abundances of the associated system have been determined 
in few cases and in all of them high ionization with high metal 
content has been derived (M0ller et al. 1993; Wampler et al. 
1993; Savaglio et al. 1994; Petitjean et al. 1994). In all these 
measurements different shapes have been assumed for the ion- 
izing background, and this is presumably dominated by the 
flux of the QSO itself. 

Indeed the distance of the cloud cannot be derived in a 
straightforward way because of the uncertainty in the measure 
of the systemic redshift and because of the importance of the 
cloud peculiar motions. 

We found four associated systems, with a total of 11 com- 
ponents (Table ^|). We estimate the metal abundances varying 
the intensity of the ionizing source using different values of the 
ionization parameter U. We assumed a simple power-law spec- 
trum with spectral index a = 1.5 (/„ oc v~ a ). Also a value 
a — 0.72 has been considered. The first value is a reasonable 
assumption for frequencies v > 4 Ryd (A < 228 A), relevant 
for the considered ions, to keep the flux of the object at low 
values at X-ray frequencies. The second value is that used for 
the proximity effect and is more appropriate for v < 1 Ryd 
(A > 912 A). 

As for the intervening systems, all the absorption lines 
in every metal component are assumed to be originated in a 
single-phase gas cloud, with a uniform density and ionization 
state. The model results are shown in Fig. hoi for five of the 



11 measured components where the presence of silicon and/or 
nitrogen provides some constraints to the models. 

For the strongest system at z ~ 4.13 the metal content of 
the third and fourth component is omitted because the rele- 
vant HI column densities are particularly uncertain due to the 
saturated and blended profile of the Lya lines. The Ly/3 lines 
fall in the blue wing of the damped Lya line at z a bs= 3.39, 
making the line fitting more complicated. The total HI column 
density is log Nhi — 16.2. From our grism spectrum we esti- 
mate an upper limit to the HI optical depth at 912 A (Fig. ^|), 
corresponding to a total HI column density log Nhi ~ 16, con- 
sistent with the value found from our best fit. The OVI column 
densities reported in Table |(S| are probably upper limits because 
of the confusion with the Lya forest and with the blue wing of 
the damped Lya line at z a bs= 3.39. For the three components 
considered in this analysis, results from the fit give ratios of the 
HI to OVI of log(N H i/Novi) ^ -1.8, -3.9, -3.5 respectively, 
suggesting the OVI contamination. 

Concerning the other three systems at lower redshifts, only 
the first component of the system at z ~ 4.06 shows Silll and 
SilV together with CIV. The SilV line is observed also in the 
system at z = 4.1010. For the system at z — 4.126 we only give 
for the first component an upper limit to the SilV abundance 
and a tentative Silll identification in the Lya forest. 

In Fig. [l(] we show CLOUDY results for the selected com- 
ponents of the associated systems. We report the metal abun- 
dances ([C/H]) and the relative abundance of nitrogen and 
silicon respect to carbon as a function of the ionization param- 
eter U. The adopted gas density is log nn = —2 and the quasar 
spectral index is a = 1.5. 

Constraints to the model can be derived from the upper 
limits on CIII and from the detection of silicon. The upper 
limit to the column density of CIII gives a lower limit to the 
ionization parameter and an upper limit to the metallicity. The 
only exception is the z = 4.0606 system for which we can only 
say that [C/Si] > — 1 gives [C/H] > —0.7 and that the observed 
CIV can be reproduced only for log U > —2.4 

For the system at z — 4.1010 the limits are log U > —2.3 
and [C/H] < —0.3. If we require a relative silicon abundance 
lower than 1 dex, the metallicity is [C/H] ~ — 1 and log U < 
-1.9. 

In the system at z = 4.1298, the non detection of CIII 
implies \ogU > —1.9 and consequently [C/H] < —1.3. The 
nitrogen relative abundance remains close to that solar. 

In the system at z = 4.1311, the upper limit to the CIII 
column density gives log U > -2.1 and [C/H] < -0.9. The 
relative silicon abundance is lower than 1 dex if [C/H] > —1.5. 
For —1.5 < [C/H] < —0.9, the relative nitrogen abundance is 
-0.4 < [N/C] < -0.2. In the last component, at z = 4.1342, 
log U > —2.1 and consequently [C/H] < —0.3. From the rela- 
tive silicon abundance we derive [C/H] > —0.9. In this range 
of metallicity, the nitrogen abundance is —0.3 < [N/H] < 0.0. 

As for the intervening systems, errors on the HI column 
densities are much larger than for metal lines and relative metal 
abundances do not change rescaling the HI column density 
according to the upper and lower limit given by the errors, 
while the metallicity do. 

From the analysis with a — 1.5, we conclude that in the 
detected metal systems the metallicity is undersolar, although 
values lower than [C/H] ~ — 1 are unlikely. This value is about 
one order of magnitude higher than that found in intervening 
systems at about the same redshift. A silicon overabundance 
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Fig. 10. Metal content as function of the ionization parameter for five associated systems. We assume \ognu = —2 and a = 1.5. Errors 
bars for [C/H] due to the errors on the column densities of HI and CIV are of about 0.2 dex, 0.06 dex, 0.3 dex, 1 dex and 0.3 dex for the 
five systems from the left to the right of the figure. Error bars for relative abundances of [C/Si] and [N/C] are typically of 0.1 dex. 
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seems favoured, while the nitrogen abundance tends to be un- 
dersolar. 

For a — 0.72, the values of [C/H] are higher with respect 
to the previous analysis, up to 0.2 dex for the considered lower 
limit in the log U and of the order of 0.6 dex for the upper limit 
of logf/. The [N/C] values are slightly lower, while the Silicon 
overabundance results much higher, being almost in all cases 
higher by 1 dex. 

Savaglio et al. (1994) reported slightly higher values for 
the metallicity of the same associated systems. The greater 
wavelength coverage, the better s/n of the present data and 
the new line fitting procedure adopted, allow a more accurate 
estimates of the line parameters. Moreover it was possible to 
detect new absorption lines and to infer more stringent upper 
limits to non-detected lines. In particular new upper limits 
on CIII absorptions have been used to derive upper limits on 
the metallicity. In this work we also used a more accurate pho- 
toionized code and we excluded the possibility of having silicon 
overabundances higher by 1 dex, lowering the upper limit to 
the metallicity. Finally, we have focused our attention on those 
systems for which we have reliable information only. 

Metallicities derived for associated systems in z em = 2 — 3 
quasars show nearly solar values and in some cases even higher 
than solar (Wampler et al. 1993; Petitjean et al. 1994; Moller 
et al. 1994). The lower metallicities derived for some systems 
at z ~ 4 might be indicative of an evolution with redshift of the 
chemical abundances in the associated systems, which however 
needs confirmation with a larger sample of high quality data. 



5. Summary 

We have presented a list of absorption lines observed in the 
spectrum of the quasar Q0000 — 2619 (z em = 4.126) with a 
resolution of 13 km s _1 and a signal-to-noise ratio of 15 — 
60 per resolution element. The main results of the statistical 
analysis can be summarized as follows: 

— The mode of the Doppler distribution for the Lya lines is 
~ 25 km s _1 with a dispersion of 7 km s _1 . The fraction of 
line with 10 < b < 20 km s _1 is 17%. The Doppler values 
derived from uncontaminated Ly/3 lines are smaller than 
those obtained from the corresponding Lya, suggesting the 
contribution of non saturated, non resolved components in 
the Lya profiles. 

— On the basis of the proximity effect in this spectrum the 
integrated UV background is estimated to be J ~ 7 x 10~ 22 
erg s _1 cm~ 2 Hz -1 sr _1 , although only values of J-22 < 4 
and J-22 > 18 are excluded at more than 2a level. This 
value is consistent with previous estimates obtained at a 
lower z, implying no appreciable redshift evolution of the 
UVB up to 2 = 4, in agreement with the absence of any 
Gunn-Peterson effect up to z = 5. 

— The analysis of the intervening metal line systems has re- 
vealed in particular the presence of three optically thin 
systems with log Nhi ~ 15 showing associated CIV and 
SilV absorptions. [Si/C] ratios lower than 10 times the so- 
lar value can be obtained only assuming a large jump in the 
spectrum of the ionizing UV background beyond the Hell 
edge (J912/J228 ~ 1000). This result, if confirmed in other 
spectra at the same redshift, is suggestive of a possible in- 
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crease of the stellar ionizing emissivity over the declining 
quasar one for z > 3. 
— The analysis of the associated metal line systems suggests 
abundances generally below solar with typical values in the 
range < [C/H]< — 1. The derived values are lower than 
those estimated for associated systems found in lower z 
quasars. 
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